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taminant degradation and to predict potential reactivity between the
aquifer material and the amendments.

Microbial Introduction

Although in situ bioremediation is a developing technology and
is currently the subject of many research studies, little is known about
the movement of microbial cells through the subsurface matrix or the
feasibility of introducing a stable mixed population of organisms into
a contaminated site for the purpose of remediation (Thomas and Ward,
1989). Microbial populations suitable for introduction to a contami-
nated aquifer may have been selectively enriched in the laboratory or
genetically engineered to carry out specific degradation reactions, to
resist certain toxic effects, or to grow preferentially under specific
environmental conditions. However, while laboratory-enriched popu-
lations may be added to the subsurface with little regulatory concern,
the introduction of genetically engineered cultures currently is not
allowed in the United States.

Successful microbial introduction requires a range of factors: (1)
the population must be capable of surviving and growing in the new
environment; (2) the microorganisms must retain their degradative
abilities under the new conditions; (3) the organisms must come in
contact with the contaminants; and (4) the electron donors/acceptors
and nutrients necessary for microbial growth and contaminant deg-
radation must be made available to the population (Thomas and Ward,
1989). Once the microorganisms are injected into the aquifer, there
must be some mechanism for dispersing them throughout the
biostimulation zone before they attach to the solid matrix and carry
out the degradation reaction of interest. Cell transport within porous
media is highly dependent on the characteristics of both the solid
media and the microbial cells. Experiments have shown that the
conditions that best promote microbial transport in porous media
include (in order of their importance) highly permeable media, ground
water of low ionic strength, and small-diameter cells (Fontes et al.,
1991). To date, there has been little convincing evidence for success-
ful in situ remediation of aquifers resulting from introduced micro-
bial populations.

DETERMINING THE SUCCESS OF
IN SITU BIOREMEDIATION

Perhaps the biggest challenges associated with managing a sub-
surface bioreactor for in situ bioremediation are evaluating its progress